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1 INTRODUCTION AND CONTEXT  

We are experiencing rising, record temperatures and extreme weather events which impose ever 

growing costs and threaten the livelihood of all of us. Seventeen of the eighteen warmest years on 

record have occurred in the 21
st
 century

1
. The message from the recent Intergovernmental Panel 

on Climate Change (IPCC) report on 1.5°C is clearer than ever before
2
. Human activities have 

caused around 1°C of global warming to date, we are already experiencing changes in weather 

and climate extremes, and temperatures continue to rise
3
. If not managed well, these impacts will 

significantly compromise global human health and safety, development, economic growth, 

biodiversity and can have an impact on migration flows and spur a downward global spiral of 

social fragility and conflict. Climate change is a threat multiplier that can undermine ï both 

inside and outside the EU ï security and prosperity, including economic, food, water and energy 

systems
4
. For a discussion on the impacts and concerns for Europe, see section 5.7. 

At the same time, combatting climate change in a context of global ñmega-trendsò ï changing 

demography, technologies, digitalisation - presents an unprecedented opportunity to prepare the 

European Union for a safe, prosperous and competitive 21
st
 century. The transformation away 

from a fossil fuel based economy is a vital part of sustainable development, and can be combined 

with a host of benefits such as improved human health and air quality, greater energy security, 

more efficient resource use and even more economic and political stability in the third countries. 

The transformation provides an important opportunity for our long-term competitiveness. As 

innovation accelerates, and costs of low-carbon technologies continue to fall, it is important to 

ensure that the EU remains an industrial leader, that citizens are empowered in the process, and, 

at the same time, to ensure that no-one is left behind. These different dimensions have been 

brought together in the Energy Union and Digital Single Market
5
.  

Recognising that climate change represents an urgent threat to societies and the planet, the Paris 

Agreement sets all countries the goal of keeping global warming well below 2°C, and pursuing 

efforts to limit the increase to 1.5°C. To achieve this goal, the Agreement also sets out the aim of 

peaking global greenhouse gas emissions as soon as possible, and achieving a balance between 

anthropogenic emissions by sources and removals by sinks of greenhouse gases in the second 

half of this century.  

The Paris Agreement also invites all Parties to communicate, by 2020, to the UNFCCC, mid-

century, long-term low greenhouse gas emission development strategies. On the basis of the best 

available scientific knowledge, these strategies should allow our societies to plan and prepare for 

the long term, and inform policy making in the short term. This assessment supporting the long 

term strategy explains not only how energy and climate policy measures have developed and 

continue to evolve; it also highlights the industrial competitiveness consequences and 

                                                      
1
 European State of the Climate 2017, Copernicus Services of the European Centre for Medium-Range 

Weather Forecasts (ECMWF) - the Climate Change Service (C3S) and the Atmosphere Monitoring 

Service (CAMS). https://climate.copernicus.eu/CopernicusESC  
2
 IPCC SR15 (2018), Special Report on Global Warming of 1.5°C 

3
 The years 2013-2017 were the warmest five-year period on record and 2018 is set to continue this pattern, 

see WMO Statement on the State of the Climate in 2017, World Meteorological Organisation (2018); and 

Global Climate Report - June 2018, National Oceanic and Atmospheric Administration (2018). Climate 

change is increasing global average temperatures. The recent IPCC report (IPCC (2018) Special Report 

on Global Warming of 1.5°C) concluded that human-induced global warming reached approximately 1°C 

above pre-industrial levels in 2017 (see FAQ of the reportôs Chapter 1), and is currently increasing at 

around 0.2°C per decade. 
4
 See also section 5.6 regarding the impact of climate change and the need to adapt to it. 

5
 https://ec.europa.eu/commission/priorities/digital-single-market_en  

https://climate.copernicus.eu/CopernicusESC
https://ec.europa.eu/commission/priorities/digital-single-market_en
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implications for jobs and economic growth that come with the innovations and technology 

necessary to deliver on energy and climate goals. Together with the development of the circular 

economy, the transformation of the energy sector is harnessing a range of technologies and new 

practices which are changing the way our energy markets and indeed the way our economy work, 

creating dynamic new sectors and opportunities for jobs and growth and a more prosperous 

Union. 

1.1 Global and EU action to achieve the Paris Agreement 

Keeping average global temperature rise well below 2C̄ and pursuing efforts to achieve 1.5̄C 

compared to pre-industrial levels will require global action. The Paris Agreement fully recognises 

this. 

In pursuit of Paris Agreement goals, over 190 countries made mitigation pledges to reduce 

emissions, so called nationally determined contributions (NDCs). The NDCsô collective 

contribution to the Paris goals has been examined in a number of studies
6
 
7
. These clearly show 

that the NDCs represent a considerable step forward compared to a baseline without global 

climate action. However, achieving the NDCs would leave global emissions in 2030 above a 

level consistent with well below 2°C. They are broadly consistent with pathways resulting in 3°C 

warming by 2100, and, according to the IPCC
8
, would not limit warming to 1.5°C even if 

supplemented by very challenging emissions reduction after 2030. The Joint Research Centre, in 

its annual Global Energy and Climate Outlook
9
, found that achieving the targets of the NDCs

10
 

would still lead to continued global emission increases in the coming decade, with potential 

global emissions peaking at 51 GtCO2eq per year as early as 2025. Assuming a continuation of 

efforts at this level
11

 beyond 2030, would see emissions starting to decrease at a global scale but 

not at all at the scale required to achieve the well below 2C̄ objective. Projections instead see 

these efforts as consistent with a temperature rise of around 3°C by the end of the century (Figure 

1).  

                                                      
6
 See for example United Nations Environment Programme (UNEP) (2017), The Emissions Gap Report 

2017.  
7
 UNFCCC (2016), Aggregate effect of the intended nationally determined contributions: an update.  

8
 Unless otherwise stated, references to IPCC in this document refer to the 2018 Special Report on Global 

Warming of 1.5°C 
9
 JRC (2017), Global Energy and Climate Outlook 2017: How climate policies improve air quality, 

http://publications.jrc.ec.europa.eu/repository/bitstream/JRC107944/kjna28798enn(1).pdf  
10

 Both conditional and unconditional NDCs - and including achievement of the US NDC. 
11

 Continuing the same level of effort assumes global GHG intensity of GDP continues to decline at the 

2020-2030 rate. 

http://publications.jrc.ec.europa.eu/repository/bitstream/JRC107944/kjna28798enn(1).pdf
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Figure 1: Left: world emissions (GtCO2eq) and percent change in emissions intensity per 

unit of GDP. Right: global average temperature change.  

Source: POLES-JRC model (left), used in combination with MAGICC model (right).  

What is clear is that global action presently is changing the global emission pathway but not at 

sufficient pace. After three years of flat emissions globally, 2017 actually saw global CO2 

emissions from energy and industry rising again by +2%
12 13

.  

The pace of greenhouse gas (GHG) reductions will have to shift strongly at a global scale. The 

EU has long supported the global objective of reducing global emissions by at least 50% by 2050 

compared to 1990 to ensure global temperature stays below 2C̄
14

. Recent science
15

 confirms that 

such an objective, with a further decline to near net zero GHG by 2100 or just below, remains 

consistent with pathways that have a likely chance (above 66% chance
16

) of keeping temperature 

rise below 2°C this century. This finding is also supported by analysis conducted by the 

Netherlands Environmental Assessment Agency and JRC for this report (see Figure 2)
17

. 

Achieving net zero GHG emissions by the end of the century will require significant amounts of 

negative emissions from the land use sector through for instance afforestation, reforestation and 

other types of ecosystem restoration or from carbon dioxide removal technologies (CDR) to 

compensate for the remaining emissions that are hardest to eliminate, for instance non-CO2 

emissions related to food production.  

Acting to reduce global emissions as quickly as possible will place the world on a safer path and 

reduce the need for negative emissions technologies later on. A slower pace of emissions 

reduction by 2050 would require steeper reductions thereafter, including deployment of negative 

emissions technologies at even greater scale and faster. This may require net negative greenhouse 

gas emissions towards the end of this century, with a net withdrawal of CO2 from the atmosphere 

                                                      
12

 IEA (2018), Global Energy and CO2 Status Report 2017, p.3 

 http://www.iea.org/publications/freepublications/publication/GECO2017.pdf  
13

 Le Quéré et al. (2017) Global Carbon Budget 2017. Earth System Science Data Discussions.  

https://doi.org/10.5194/essd-2017-123  
14

 European Council Conclusions, 29/30 October 2009  
15

 Based on Table 2.4 of the Special Report on 1.5°C, supplemented by EDGAR database and Global 

Carbon Project to track global emissions from 2010 back to 1990. 
16

 While there is no official definition of ówell belowô 2ÁC, studies typically refer to pathways with a >66% 

chance of keeping global warming below 2°C. The average temperature change expected in such 

pathways is therefore lower ï typically 1.7-1.8°C in 2100. 
17

 Esmeijer K., den Elzen M.G.J., Gernaat D., van Vuuren D.P., Doelman J., Keramidas K., Tchung-Ming 

S., Després J., Schmitz A., Forsell N., Havlik P. and Frank, S. (2018), 2 °C and 1.5 °C scenarios and 

possibilities of limiting the use of BECCS and bio-energy. PBL report 3133, PBL Netherlands 

Environmental Assessment Agency, The Hague  
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to compensate for past emissions and, possibly, reduce global temperatures following an 

overshoot of the 2°C threshold. Moreover, delayed actions to reduce greenhouse gas emissions 

increases the risk of cost escalation, lock-in in carbon-emitting infrastructure and stranded assets. 

Figure 2: Well below 2°C and 1.5°C projections 

 

Source: 2°C and 1.5°C runs from POLES-JRC and IMAGE models, and comparable runs from the 

scientific literature
17

.  

 
Limiting global warming to 1.5°C requires even greater, and more urgent, action. In a 1.5°C 

world, typical projections reach net zero GHG emissions by 2070, and become negative 

afterwards
18

 (Figure 2). In such scenarios, global CO2 emissions would have to become net zero 

already by 2050, as confirmed by the IPCC.  

Negative CO2 emissions in energy, industry and land use have to compensate not only for 

residual GHG emissions but also to correct for possible temperature overshoot by achieving net 

negative GHG emissions. The IPCC Special Report on 1.5C̄ is also clear: scenarios with no or 

low overshoot of the 1.5̄C temperature objective, and lower amounts of net negative emissions, 

tend to be closer to zero GHG emissions globally
2
 by 2050. 

The EU long-term strategy needs to consider the possible contribution of the EU to such global 

pathways. The EU already has a strong record of considering the global picture when setting its 

own climate action targets. Our existing objective for 2050 is to reduce emissions by 80-95% in 

                                                      
18

 See in particular Table 2.4 of IPCC (2018), Special Report on Global Warming of 1.5°C.  
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the context of necessary reductions, according to the IPCC, by developed countries as a group
19

. 

It is now time to update the evaluation of the EUôs possible contribution to global action, 

following the entry into force of the Paris Agreement, the adoption of legislation to achieve the 

2030 Framework (see Section 2.2) and new scientific evidence, as synthesised in IPCC Special 

Report on 1.5°C.  

The 2050 Low Carbon Economy Roadmap
20

 demonstrated that it is feasible and affordable for 

the EU to reduce domestic emissions by 80% by 2050 compared to 1990, with a milestone of 

reducing by 40% by 2030. Recent science confirms that the EUôs reduction of GHG emissions by 

at least 80%, including emissions and absorptions of the land use, land use change and forestry 

sector (LULUCF), remains in line with projections that look at global emissions reduction 

achieving the well below 2°C objective efficiently (see section 7.3).  

To be in line with the 1.5°C objective, significantly higher reductions are needed. Full technology 

pathways with efficient global action beyond 2020 may see EU GHG reductions, including 

emissions and absorptions of the land use sector, at around -91% to -96% below 1990 levels in 

2050 (see section 7.3). 

Such scenarios rely heavily on net negative emissions later on in the century to remove actively 

CO2 emissions from the atmosphere. If the aim is to reduce the need for large net negative 

emissions in the second half of the century, higher reductions earlier in the order of magnitude of 

-100% by 2050 need to be considered, achieving a net zero GHG economy by 2050. This would 

also be a precaution to avoid carbon lock-in.  

By doing so, the EU would confirm its leadership, to inform other countries on the challenges 

and opportunities ahead and catalyse the global transition in line with the 1.5C̄ objective (see 

also section 7.3 for further details). 

Therefore the assessment presented in this report in support of the development of the Strategy 

for long-term EU greenhouse gas emissions reduction in accordance with the Paris Agreement is 

looking at a range of GHG reduction scenarios, starting at -80% going up to -100% by 2050 

compared to 1990. 

1.2 Europeôs need to act to achieve the Paris Agreement  

All regions across the globe are facing the disruptive force of major mega-trends. Digitalisation is 

rapidly changing the industrial environment, simultaneously allowing and requiring continuous 

innovation. A rapidly emerging global middle class will open new markets placing at the same 

time constraints on scarce resources. Resource constraints will require our economy to continue 

efficiency gains to remain competitive, in a context where diverging population trends will 

constitute a clear challenge for Europe. Last but not least, climate change and its associated 

challenges are global phenomena that will affect all societies. 

Many of these trends are independent from the energy transition: the energy system will have to 

adapt to these dynamics. At the same time, the energy transition will alleviate the problems 

caused by resource scarcity and climate change. Moreover, many of these trends will continue 

regardless of EU policies. Europe should prepare for the changes ahead and the European Union 

is the framework allowing Member States to adapt collectively. 

                                                      
19

 European Council conclusions, 29-30 October, 2009. The objective is based on the findings of the IPCC 

Fourth Assessment Report, which represented the best available science at the time of its adoption in 

2007. 
20

 Communication from the Commission, A Roadmap for moving to a Competitive Low Carbon Economy 

in 2050. COM(2011) 112 final 
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The scope of these challenges, the need to develop solutions implementable on a large scale, the 

importance to weigh in the climate and energy diplomacy and beyond, the international nature of 

energy fuels and technologies markets and the global repercussions of European consumptions, 

all contribute to the need of developing a concerted action at EU level.  

The value of such action is clear when looking at the role the EU played over the last decade. The 

EU climate and energy policies contributed significantly to global action and awareness on 

climate change, clearly leading the world and demonstrating how to address the challenge. 

Further decarbonisation will increase energy security, while demonstrating feasible economic and 

technological pathways to a prosperous and sustainable society. 

The EU can act as a catalyst of concerted global responses that put multilateralism at their core. 

This may be through research and innovation programmes, large-scale flagship technology 

projects, or the development of new industrial strategies and market designs, or simply by its 

ambition. In a world of large trade blocks competing for technological leadership, the EU needs 

to act jointly. A core virtue of EU action is bringing together a common vision, resources, 

financing and regulatory regimes to implement coherent policies action across a domestic market 

of 500 million people. This is the scale required to deal with the vast global challenges. This was 

demonstrated with the European drive to promote renewable energy technologies, which scaled 

up industrial effort, in the EU and around the world, reducing costs to the benefit of the entire 

world. The public consultation conducted by the European Commission in preparation for this 

strategy found that there is significant support, both from individuals and from organisations, for 

the EU to achieve a balance between GHG emissions and removals by 2050 (see section 7.1). 
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2 EU ACTION TO DATE REDUCI NG GHG EMISSIONS AND TRANSFORMING ITS 

ENERGY SYSTEM 

2.1 Decarbonisation and energy transformation to date 

Since 1990, Emissions have reduced in all sectors, except for the transport sector (Figure 3). Over 

the last 3 years changes in emissions were small, with slightly increasing emissions in 2015 and 

2017 and slightly decreasing emissions in 2016.  

Figure 3: EU greenhouse gas emissions by sector 1990-2017 

 

Source: EEA
21

. 

 

Structural changes in the European economy and policies for supporting renewables and energy 

efficiency resulted in a decoupling of economic growth from GHG emissions and energy 

consumption. GHG emissions in the EU peaked several decades ago and continuous decoupling 

of growth and jobs creation from GHG emissions and energy has been observed since 1990. 

Between 1990 and 2017, provisional data indicate a total emissions decrease of 22%, while the 

EUôs combined GDP grew by 58%, which implies that the greenhouse gas intensity of the 

economy was halved in this period
22

. 

Over the past years, economic growth and energy consumption have also decoupled. The steadily 

declining demand for energy in the EU is attributed primarily to energy efficiency measures in 

the Member States.  

                                                      
21

 European Environmental Agency (2017), EU GHG inventory 1990-2016, proxy GHG estimates for  

2017. 
22

 COM(2018) 716 final 
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The long-term decoupling trend is clear: in 2016, the EU consumed 2% less primary energy than 

it did in 1990, while GDP grew by 54% over the same period. EU energy consumption gradually 

decreased between 2006 (its highest point) and 2014, with the primary consumption reducing by 

12% over the period (-1.5% per year) and the final demand reducing by 11% (-1.4% per year). 

However, since then, energy consumption has started to rise again in part due to colder winters, 

continued economic growth and lower fuel prices. Statistics show that, in 2016, primary energy 

consumption was 2% higher than in 2014 and final demand was 4% higher. Preliminary 

estimates indicate that energy consumption has been further increasing in 2017 (+1.4% for 

primary consumption and +1% for final consumption compared to 2016). It is clear that with 

economic growth pushing energy consumption upwards, further efforts are needed in order to 

reach the 2020 energy efficiency target (primary and final energy have to reduce by respectively 

5.2% and 3% over 2018-2020). In this context, a stricter enforcement of the existing legislation is 

desirable. Figure 4 shows energy consumption trends in the EU. 

Figure 4: Primary  and final energy consumption in the EU 

 
Source: Eurostat. 

 

Renewable energy 

In the last decade, policies implemented by the European Union and other frontrunners in the 

fight against climate change have transformed the energy industry. Support programs worldwide 

have kick-started a dramatic decrease in the cost of renewable energy technologies (Figure 5). As 

the IPCC notes in the Special Report on 1.5°C, the energy system transition is underway, and the 

political, social, economic and technical feasibility of solar energy, wind energy and electricity 

storage technologies has improved dramatically over the past few years
23

.  

Renewable energy technologies such as wind energy, bioenergy and solar photovoltaic are now 

mainstream market players. Investment in renewable power accounted for two-thirds of global 

spending in power generation in 2017. The increasing share of renewable energy investments is 

partly the result of a slump in the commissioning of new fossil fuel capacity (in particular coal-

fired power plants in India, China and Europe)
24

 

 

                                                      
23

 IPCC Special Report on Global Warming of 1.5°C, Chapter 4. 
24

 IEA (2018), World Energy Investment 2018, https://www.iea.org/wei2018. 
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Figure 5: The levelised cost of electricity for projects and global weighted average values 

for CSP, solar PV, onshore and offshore wind, 2010-2022 

 
Source: IRENA

25
. 

 

Helped by the European support policies, renewable energy has been increasing continuously in 

the EU, with its share doubling since 2004 when renewables covered only 8.5% of gross final 

energy consumption (Figure 6). In the period 2004-2016, the share of renewable energy grew 

annually by 6.0% on average. Annual growth slowed slightly to 5.2% in the short-term period 

2011-2016. Compared to 2008, direct and indirect employments in renewable energy more than 

doubled, increasing from 660 000 to 1.43 million jobs. 

Figure 6: Share of renewable energy in gross final energy consumption in the EU 

 

Source: Eurostat SHARES tool
26

. 

 

Electricity  

                                                      
25

 IRENA (2017), Renewable Cost Database and Auctions Database, http://www.irena.org/-

/media/Files/IRENA/Agency/Publication/2018/Jan/IRENA_2017_Power_Costs_2018.pdf 
26

 https://ec.europa.eu/eurostat/web/energy/data/shares  

0%

5%

10%

15%

20%

25%

30%

35%

2005 2010 2015 2020 2025 2030

2020 target: 20%

2030 target: 32%

http://www.irena.org/-/media/Files/IRENA/Agency/Publication/2018/Jan/IRENA_2017_Power_Costs_2018.pdf
http://www.irena.org/-/media/Files/IRENA/Agency/Publication/2018/Jan/IRENA_2017_Power_Costs_2018.pdf
https://ec.europa.eu/eurostat/web/energy/data/shares


22 

 

The power sector has made the most important steps towards decarbonisation with the closure of 

most inefficient thermal generation, the growth of renewables and the contribution of nuclear 

(generating together 56% of CO2-free electricity in 2016); better interconnection; more liquid and 

more flexible markets. Greenhouse gas emissions from the power sector decreased by 26% from 

2005 to 2016. Developments in the power market structure allowed integrating an increasing 

share of variable renewable generation. Connecting markets through appropriate infrastructure 

and cross border trading rules allowed significant increases liquidity and security of supply 

significantly. The EU-wide electricity market now allows the aggregation of demand and supply 

of almost 500 million citizens. 

Dedicated infrastructure was built to enable higher penetration of renewable electricity, for 

instance through interconnection of areas with complementary renewable energy resources or by 

connecting offshore wind parks to the transmission network. To date, more than 30 Projects of 

Common Interest (PCIs) have been completed in the power sector and 47 are scheduled to be 

built around 2020. 

Heating and cooling 

With 50% of EU energy demand that is used for heating in buildings and in industrial processes, 

renewables have also made an important contribution in this area. Over the period from 2004 

until 2016, the renewables share in the heating and cooling sector has almost doubled from 

10.3% to 19.1% and provided 99.3 Mtoe. Solid biomass remains the largest contributor with 80% 

growing from 1.8 Mtoe in 2004 to 78.8 Mtoe of energy in 2016. Other renewable heat solutions 

has started from very low basis, but has shown rapid growth over the last decade. Heat pumps 

increased more than fivefold from 1.8 Mtoe in 2004 to 9.9 Mtoe in 2016 and constitutes 9.9% of 

renewable heat production. Similar spectacular increases were observed in biogas (growing from 

0.7 Mtoe to 3.4 Mtoe, (3.5%) and solar thermal (2.1 Mtoe or 2.1%). Renewable waste remains an 

important heat source (3.4 Mtoe, 3.8%), while direct geothermal heat embarked on a dynamic 

growth in the last five years (0.8 Mtoe, 0.8% in 2016)
27

.  

 The EU is a market leader in renewable heat technologies. It is second in installed solar thermal 

capacities and number one in solar district heating. Spain, Greece, Portugal, Cyprus are market 

leaders in individual solar thermal installations with mandatory solar requirements in new 

buildings. Large solar installations are used in Denmark, Austria, France, Germany, Sweden, The 

Netherlands and Poland. In 2017, 9 large-scale solar thermal systems were added in Europe, in 

Denmark (46% of new capacities), Germany, Sweden and France
2829

. 

Transport  

In 2017, transport emissions excluding international aviation and maritime represented close to 

22% of the total emissions. Transport emissions including international aviation and maritime 

transport emissions were close to 26% of total emissions Transport is therefore a sector with a 

significant role in the energy and climate policy. Greenhouse gas emissions from transport 

continue to rise, and in 2017 were 20% higher than in 1990 (excluding international aviation and 

maritime). Abating transport emissions remains challenging and, in certain regions, the impact of 

air pollution from fuel combustion on the population is also a concern. 

On road, light and heavy duty vehicles are by far the main emitters of greenhouse gas (GHG) 

emissions from transport. In 2016, it accounted for 95% of all GHG emissions from transport. 

International aviation is not included in the figures above and account for 3% of total EU 

                                                      
27

 EurObserver, The State of Renewable Energies in Europe, 2017 
28

 IEA, Solar Heat Worldwide (2018), Cost-efficient district heating development. 
29

 METIS Studies 9 (2018), commissioned by the European Commission. 
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greenhouse gas emissions. Emissions from international aviation have more than doubled since 

1990 (as the improvements in energy and emissions efficiency of aviation have been more than 

compensated by increase of traffic). 

Emissions from road transport experienced a decrease between 2007 and 2013 (-10%) due to 

increased road vehicle efficiency, high oil prices and slower growth in activity as a result of the 

crisis. Since then they have started picking up again, driven by the recovery of transport activity 

in the context of the low oil price environment and economic recovery. Over the last ten years 

new technologies (electrification) have been penetrating the market, albeit still at relatively slow 

rates. 

The evolution of greenhouse gas emissions in transport follows the evolution of energy use in 

transport. By 2016, final energy consumption in transport was at similar levels to those observed 

in 2005. Improvements in energy efficiency of cars, trucks and aircraft counterbalanced the 

increased transport activity over this period
30

. The impact of modal shift was more limited. Other 

factors like behavioural change and low capacity utilisation in road freight transport had a 

negative impact, slightly increasing the energy consumption
30

. 

The currently dominant transport technologies are tightly linked to liquid fossil fuels. Liquid 

fuels, with their high energy density, are particularly suited for mobile applications. Oil 

represented 95% of the energy consumed in the transport sector in 2016: air transport and 

waterborne transport consume almost entirely petroleum products, road transport depended on 

petroleum products for 95% of its energy use, but rail transport only 30%. 

The EU share of renewable energy in transport reached 7.1% in 2016. Biodiesel remains the most 

widely used form of renewable energy in transport with 11 Mtoe in 2016, followed by bioethanol 

with 2.6 Mtoe
31

. However, biofuels consumption slightly declined since 2014, being below the 

peak levels registered in 2012. Renewable electricity in transport still represents only 1.9 Mtoe in 

2016, but its contribution has been significantly increasing recently, with the vast majority of it 

consumed in rail transport (only around 2% in road transport)
32

.  

As a result of both EU and Member State level measures, the average specific fuel consumption 

of the EU passenger cars fleet went down from around 7.4 litres/100km in 2005 to 6.9 

litres/100km in 2015
33

. However, after several years of steady decline, the average CO2 emissions 

of a new car sold in the EU rose by 0.4 gCO2/km in 2017 to 118.5 gCO2/km, according to 

provisional data published by EEA
34,35

. Since 2010, when monitoring started under current EU 

legislation, official emissions have decreased by 22 gCO2/km (16%). Nevertheless, further 

improvements need to be achieved by manufacturers to reach the 2021 target of 95 gCO2/km. 

                                                      
30

 ODYSEE-MURE (2018), http://www.odyssee-mure.eu/publications/efficiency-by-

sector/transport/drivers-consumption.html 
31

 According to Art. 17 (1) of the Renewables Directive, non-certified biofuels cannot be counted towards 

national and EU renewable energy targets. 
32

 Eurostat (2018), SHort Assessment of Renewable Energy Sources (SHARES), 

https://ec.europa.eu/Eurostat/web/energy/data/shares  
33

 ODYSSEE-MURE (2018), Online energy indicators, http://www.indicators.odyssee-mure.eu/online-

indicators.html 
34

 EEA (2018), No improvements on average CO2 emissions from new cars in 2017, 

https://www.eea.europa.eu/highlights/no-improvements-on-average-CO2 
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 Since 1 September 2017, the 'Worldwide harmonized Light vehicles Test Procedure' (WLTP) has been 

introduced so that laboratory results better represent actual vehicle emissions on the road. For 2017 EU 

Member States had for the first time the possibility to report WLTP emission factors, but values were 
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WLTP values means it is not yet possible to provide a representative assessment of the new 

measurement protocol. 
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EEA provisional data also show that sales of battery-electric vehicles (BEV) and plug-in hybrid 

electric vehicles (PHEV) increased by 42% in 2017. However, the share of these categories in the 

new fleet remains low, at around 1.5%. Registration of BEVs in 2017 (97 000 vehicles) increased 

by 51% compared to 2016, while sales of new PHEVs increased by 35%. The largest number of 

BEV were registered in France (26 100 vehicles), Germany (24 350 vehicles) and the UK (13 

600 vehicles). The relative share of BEV and PHEV sales combined in the national car sales in 

2017 was highest in Sweden (5.5%), Belgium (2.7%) and Finland (2.6%) 
34

. For the first year 

since monitoring started, petrol cars became the most sold vehicles in the EU ahead of diesel 

cars, constituting almost 53% of sales. 

Industry  

The industrial sector is an important sector of economic activity, producing a large share of EU 

GDP and offering employment to a large share of EU population. Moreover, the industry ï and 

especially Energy Intensive Industry (EII) ï provides materials and goods that are critical for our 

way of life: from cement and steel, being the basic materials for constructing the buildings we 

live in, to plastics and aluminium, used in cars, appliances and packaging. All these materials are 

produced from industrial processes requiring significant amount of energy and emitting, directly 

or indirectly, a high amount of GHG emissions.  

Industrial activity contributes about 16% of EU's GDP and emits (directly) about 15% of total 

GHG emissions. In 2015 the energy intensive industry sectors directly emitted approximately 700 

million tonnes of CO2, which represents a reduction by more than 30% compared to 1990 levels. 

This was the second largest source of emissions reduction after the power sector (for production 

and heat). At the same time, final energy consumption of industry was reduced by about 20%. 

This was observed especially in the energy intensive industries. 

The above changes are due to a combination of factors. On one hand, the EU economy has been 

restructuring, shifting to an increase of the services sectors and a lower share of the energy 

intensive industry. On the other hand, industry has been very active in reducing its energy 

consumption and switching to lower carbon fuels. The energy efficiency investments performed 

by the industry, together with the increased use of recycled and re-used materials, which require 

significantly less energy and produce less emissions, were two major drivers for this trend. For 

example, over the last decades, the recycling rate of paper in Europe has increased substantially 

from an average of 40% in 1991 to 72.5% in 2016. Moreover certain chemical industries with 

very high N2O and fluorinated gases emissions reduced their GHG emissions by 93% between 

1990 and 2015. 

The situation in the different industry subsectors is not homogeneous. The EU Iron & Steel and 

the Chemical sectors have reduced their GHG emissions by about 60% between 1990 and 2015. 

On the other hand, the reductions in GHG emissions for the non-metallic minerals (cement, lime, 

glass, ceramics) were about half, around 30%. Similarly, the use of low carbon energy carriers, 

and particularly renewable energy, is mostly limited to the use of biomass resources, e.g. in 

sectors like the pulp and paper industry.  

In addition, the European Commission is working on the European Processor Initiative (EPI)
36

 

which gathers together 23 partners from 10 European countries, with the aim to bring to the 

market a low power microprocessor. It gathers experts from the High Performance Computing 

(HPC)
37

 research community, the major supercomputing centres, and the computing and silicon 
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industry as well as the potential scientific and industrial users. This initiative will be buoyed 

through a Framework Partnership Agreement. 

Land and Agriculture  

The EUôs balance of emissions and removals for the land sector (CO2 flux resulting from human 

management of vegetation and soils, referred to as the natural sink) has remained fairly constant 

for over two decades, at a little under -300 MtCO2eq/yr, or around 10% of the EU's 2005 EU 

emissions outside of the Emissions Trading System.  

A number of reasons explain this stability since the 1990s. First, the area used for agricultural 

production has decreased thereby enabling the slow increase in forest area and related 

sequestration. Second, with the decrease in crop area and an improved technological management 

of inputs, CO2 released from agricultural soils decreased. Third, European forests are relatively 

young and annual forest growth (increment) has been strong ï although this is projected to 

decline as the forests age. Fourth, despite increasing forest harvest, on average, only up to 2/3rds 

of available forest biomass annual increment is exploited, leading to a continued level of carbon 

sequestration in forests but also in harvested wood products. These positive trends on the 

LULUCF sink were however partly counterbalanced by steady increase in emissions from 

settlements.  

In contrast to the land sector, agriculture (non-CO2) emissions in the EU28 have declined by over 

20% since 1990, or in absolute terms by nearly 150 MtCO2eq per year. The most important 

source of the EU's agriculture non-CO2 emissions is nitrous oxide emissions from agricultural 

soil management. These represent around half of the total agriculture emissions in the EU, mainly 

due to the application of mineral nitrogen fertiliser. Enteric fermentation emissions of methane 

gas make up one-third, mainly from cattle and sheep. Emissions of both gases from manure 

management add a further 16%. Despite historical emissions reduction, maintaining agricultural 

output can be compatible with a reduction of emission intensities.
38

 The decrease so far can be 

attributed to several factors: on the one hand, productivity increases and a structural decrease in 

cattle numbers, and on the other hand improvements in farm management practices in general. 

However, a recent rebound of this trend shows that ensuring future reductions will be 

technologically difficult and potentially costly. 

The impact of increased biomass demand since 2009 on the EU LULUCF sink is so far not very 

clear, reflecting the interaction of different factors regarding biomass sources. The significant 

emergence of energy crops on economically marginal agricultural land has yet to materialise, 

while timber demand has been lower than forecast by Member States in 2011. Forest growth 

could also have benefited from the double boost of lower harvests and improved fertilisation 

through atmospheric CO2. Nevertheless, this relatively benign trend could be disturbed and the 

overall land sink could decrease more significantly through to 2050, partially due to aging of the 

forests, leading to negative impacts on the EU's overall emissions and removals balance. 

In conclusion, the interactions between land uses and the subsequent effect on emission and 

removals from the land sector is complex. Rules and incentives for food, feed, fibre production 

and bioenergy may variously support or undermine the historical trend of a stable overall sink in 

the EU. 

Waste and F-gases  

Greenhouse gas emissions from waste declined from 236 MtCO2eq in 1990 peaked in 1995 at 

344 MtCO2eq and in 2016 were 138 MtCO2eq. Most of the emissions are methane (an important 
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greenhouse gas, with a 100-year warming potential 28 times larger than CO2
39

), with 124 

MtCO2eq in 2016
40

.  

The decline is mainly the result of the EU waste legislation. The Landfill Directive
41

 diverts 

biodegradable waste away from landfills and requires recovery and control of landfill gas. The 

EU Waste Management Framework adds to this by giving priority to recycling and energy 

recovery over landfilling. In addition, national policies in several member states completely ban 

landfilling.  

Emissions from fluorinated gases (such as HFC and SF6) increased sharply from 72 MtCO2eq in 

1990 to 124 MtCO2eq in 2014 and have remained stable since (122 MtCO2eq in 2016). The 

stabilisation already reflects the F-gas regulation adopted in 2004 as well as the Mobile Air 

Conditioning (MAC) Directive
42

 that limit the use of cooling agents with high greenhouse 

warming potentials.  

2.2 EU policies on the way to the Paris objectives 

The first explicit energy and climate policy package that addressed emissions reduction at the 

same time as energy sector reform was the 20-20-20 targets launched in 2007, with the EU 

Emissions Trading System (EU ETS) improvements, the Renewable Energy Directive
43

, the 

Energy Efficiency Directive
44

 as well as the 3
rd
 package of energy market liberalisation

45
. The 

implementation of the legislation that emerged proved the turning point in creating recognisable 

change in the energy sector.  

2.2.1 2011 Roadmaps 

Building on this approach and structure, in 2011 the Commission came forward with three 

strategic roadmaps based on a consistent analytical framework: the Roadmap for moving to a 

competitive low carbon economy in 2050, the Energy Roadmap 2050, and the Roadmap to a 

Single European Transport Area ï Towards a competitive and resource efficient transport system 

(commonly referred to as the Transport White Paper)
46

. These Roadmaps presented fundamental 

aspects of the transition to a low carbon economy in 2050, cost-efficient GHG emissions 

reduction milestones for 2030, and "no-regret options" ï more energy efficiency, higher shares of 

renewable energy and energy infrastructure development - for the transition towards a 

competitive, sustainable and secure energy system. These roadmaps cover all sectors of the 

economy, with a clear emphasis on energy and transport. They jointly serve to demonstrate the 

consistency, feasibility and credibility of the EU's agreed objective to reduce GHG emissions
47

 

by 80-95% in 2050 compared to 1990, in the context of necessary reductions by developed 

countries as a group to limit global warming to below 2C̄ as stated by the European Council in 

2009
19

.  
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The Roadmap for moving to a competitive low carbon economy in 2050 showed pathways for the 

EU to cut its domestic greenhouse gas emissions to -80% below 1990 levels by 2050. It defined 

milestones for a cost-effective pathway towards this objective: a 40% reduction below 1990 

levels by 2030 (as later endorsed in the 2030 Climate and Energy Policy Framework
48

, see 2.2.2) 

and 60% below 1990 levels by 2040. All the main sectors responsible for Europe's emissions ï 

power generation, industry, transport, buildings, construction and agriculture ï would need to 

contribute.  

The Energy Roadmap 2050 explored the contribution of the energy sector to such 

decarbonisation objective (-85% of energy-related CO2 emissions relative to 1990). It set out four 

main routes to a more sustainable, competitive and secure energy system in 2050: energy 

efficiency, renewable energy, nuclear energy and carbon capture and storage.  

The White Paper on Transport defined a mid-century vision for the transport sector that 

continues to serve the needs of the economy and of the citizens while meeting future constraints: 

oil scarcity, growing congestion and the need to cut CO2 (-60% by mid-century relative to 1990) 

and pollutant emissions. To this aim, the White Paper put forward four broad areas of 

intervention: internal market, innovation, infrastructure, international aspects. For each of these 

areas, a ten-year programme (by 2020) was defined with 40 specific action points, containing a 

handful of specific initiatives. The strategy set in the White Paper was to a substantial degree 

based on low emission fuels, energy efficiency, better multimodality of transport and new 

technologies that would lead to optimised journeys
49

.  

These Roadmaps have been instrumental in setting the EU on track with the UNFCCC agenda, 

setting 2030 targets and exploring the long-term perspective. It was a strong driver for other 

stakeholders and to develop their roadmaps.  

EU legislation governing the reporting of climate related information includes an obligation for 

Member States to report by 2015 their progress on the development of their low-carbon 

development strategies. The reported information differs greatly across Member States in terms 

of type of documents, timeframe, level of details, approach, ambition level, sectors cover and 

status of legal implementation. A forthcoming report of the EEA summarises the state of reported 

information, with presently 13 plans reported at Member State level.
50

  

2.2.2 2030 targets and Energy Union 

Drawing on the analysis presented in the roadmaps and following discussions and guidance from 

the European Council, the Commission made proposals
51

, in 2014, for a policy framework for 

climate and energy in the period from 2020 to 2030, notably 2030 targets. On this basis, the 

European Council agreed
52

 to the 2030 strategy with targets on reducing greenhouse gas 

emissions by at least 40%, increasing the share of renewable energy to at least 27%, and 

achieving an energy efficiency improvement of at least 27%. Legislation provisionally agreed in 

July 2018 revises two targets upwards to at least 32.5% for energy efficiency and at least 32% for 
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renewables (see 2.2.3) and introduces for the first time, via the Governance Regulation, 

instruments to ensure coherent long term energy and climate policy planning. The Commission 

also published its Energy Security Strategy
53

 in 2014. The detailed inter-relationships and 

synergies available in policies and measures addressing decarbonisation and energy policy 

objectives were such that it became clearer that the nexus between energy and climate policies 

could be drawn even closer together. At the same time, the Commission published its vision of 

the future of a circular economy
54

, bringing together the themes of environmental policy (waste, 

pollution) with industrial production policy (e.g. recycling and new materials) and with research 

and innovation policy. 

The Energy Union launched in 2015 aimed at exploring and leveraging the synergies between the 

decarbonisation objectives and other energy policy priorities, by setting broader goals covering 

five mutually reinforcing dimensions: energy security, internal energy market, energy efficiency, 

decarbonisation (including renewable energy development), research, development and 

competitiveness. It is in this context that the most recent initiatives were developed. 

An important aspect of the Energy Union is the recognition that citizens must be at the core of the 

transition. The Commission is thus committed to delivering a new deal for energy consumers 

helping them to save money and energy through better information; giving consumers a wider 

choice of action as regards their participation in energy markets; and, maintaining the highest 

level of consumer protection. 

The Commission has by November 2018 tabled the majority of the legislative proposals 

necessary to establish the Energy Union, and enabling actions are being implemented to 

accelerate public and private investment and support a socially fair clean energy transition. 

Further efforts will be required to ensure the completion of the Energy Union by the end of the 

current Commission's mandate in 2019: not only further progress in adopting the remaining items 

of the legislative framework but also in implementing the enabling framework and securing the 

involvement of all parts of society. It should be noted that among those enabling actions, many 

will have much longer time horizon than 2050: facilitating access to finance or assistance for 

carbon-intensive regions as the two key ones. 

The first legislative deliverable under the Energy Union to implement the 2030 targets was the 

revised ETS directive
55

 which regulates GHG emissions from large point sources (mainly power 

sector and industry) and aviation. The annual ETS cap reduction was increased with a view of 

achieving 43% reductions by 2030 compared to 2005, while the Market Stability Reserve was 

strengthened to address the surplus of EU allowances that has built up historically. This review 

has already impacted positively the carbon price signal. A second set of legislation, the Effort 

Sharing Regulation
56

 and Regulation on the inclusion of greenhouse gas emissions and removals 

from land use, land use change and forestry in the 2030 climate and energy framework, regulates 

emissions and absorptions of the sectors outside the EU ETS. It does so by setting emission 

trajectories and reduction objectives per Member State, taking into account different capabilities 

to reduce GHG emissions. 

Also within the decarbonisation pillar of the Energy Union and in accordance with Article 40 of 

the Euratom Treaty, the Commission presented in 2017 the latest nuclear illustrative programme 

(PINC). The programme provides an overview of developments and investments needed in the 

nuclear field in the EU for all the steps of the nuclear lifecycle. It underlines that nuclear energy 
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remains an important component in the energy mix in Europe with a 2050 horizon, as well as 

identifies some priority areas, such as ways to continuously increase safety, improve cost-

efficiency of nuclear power plants and enhance the cooperation among Member States in 

licensing new and existing nuclear power plants. 

The security of supply pillar had also early deliverables: the Regulation on Security of Gas 

Supply
57

 that aims at preventing gas supply crises and ensuring a regionally coordinated and 

common approach to security of supply measures among the Member States and the Strategy for 

Liquefied Natural Gas (LNG) and gas storage
 58

 that outlined future EU action that will contribute 

to a greater flexibility of gas supply, in particular through LNG and gas storage. 

In parallel, the IGA Decision
59

, adopted in April 2017 significantly increased the transparency of 

intergovernmental agreements between Member States and third countries in the field of energy 

that have become subject to a mandatory ex-ante assessment by the Commission regarding their 

compatibility with EU law.  

For the research, development and competitiveness pillar the Strategic Energy Technologies 

(SET) Plan has been a key deliverable and crucial component linking EU, Member State and 

industry action. Following the new strategy as published in 2015
60

 public and private parties, at 

EU and national level, have joined forces to identify targets for R&I in energy technologies in the 

next 5 to 15 years. These have been turned into 14 implementation Plans that identify concrete 

action where Member States, industry and the European Commission cooperate to increase the 

impact of R&I investments.  

The majority of legislative proposals building the Energy Union were then delivered as a part of 

the Clean Energy for All Europeans package (see section 2.2.3) ï notably in the field of 

renewable energy, energy efficiency, internal market operation and remaining aspects of security 

of supply. 

2.2.3 Clean Energy for All Europeans  

While an important part of the legislative framework for a 40% GHG emissions reduction target 

has been established by the revised ETS Directive, the Effort Sharing Regulation and LULUCF 

Regulation, the two interlinked targets of energy efficiency and renewable energy sources were 

addressed in the Clean Energy for All Europeans package (CE4AE, also referred to below as ñthe 

Clean Energy packageò). On 30 November 2016, eight legislative proposals and the European 

strategy on Cooperative Intelligent Transport Systems in the field of mobility were proposed as 

part of this package
61

. It was a major milestone in the construction of a robust Energy Union and 

setting the EU on the ambitious decarbonisation trajectory that was set out with the Paris 

Agreement.  

By November 2018, the European Parliament and the Council have reached an agreement on four 

of the eight legislative proposals from the Clean Energy package: Energy Performance in 

Buildings Directive
62

, Renewable Energy Directive, Energy Efficiency Directive, and Regulation 

on the Governance of the Energy Union and Climate Action. Thus, progress and momentum 

towards completing the Energy Union and combatting climate change are well under way.  
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The novel and robust Governance of the Energy Union and Climate Action Regulation will 

ensure coherence and better cooperation of Member Statesô long term energy and climate policy 

planning and foresee reporting, review and close monitoring of progress. As a result of the 

Governance Regulation, Member States are expected to establish and to submit their ten year 

integrated National Energy and Climate Plans (NECPs) by the end of 2019 covering all five 

dimensions of the Energy Union. These plans will define and explore synergies between Member 

Statesô objectives and contributions to the Energy Union goals and, in particular, national targets 

for the non-ETS sector as set in the Effort Sharing Regulation, national contributions to the EU 

renewable energy and energy efficiency targets with a view to their achievement by 2030. This 

will put the EU in a good position to reduce greenhouse gas emissions beyond the 40% target by 

2030 and on the decarbonisation trajectory. National energy and climate plans are required to be 

consistent with both the EU long-term strategy and the national Long Term Strategies to be 

submitted by January 2020. National Energy and Climate Plans can be updated, for the first time, 

in 2024 with the requirement that national objectives, targets and contributions can be revised 

upwards (reductions of net greenhouse gas emissions) or to reflect an equal or increased ambition 

(energy efficiency, renewable energy sources). 

The agreed 2030 EU energy efficiency and renewables targets build on the experience that 

concrete energy objectives do influence the pace of new technologies development and cost 

reduction through economies of scale, allowing important benefits be reaped by industries, 

businesses and citizens. This was experienced over the last decade.  

The binding European Union-wide target of at least 32% of renewable energy in gross final 

energy consumption in 2030 is supported by ambitious measures addressing untapped potential 

for renewables in heating, cooling and transport. Moreover, measures will be put in place to 

facilitate the participation of citizens in the energy transition through self-consumption and 

energy communities and to enhance the sustainability of bioenergy. An ambitious review of 

electricity market rules underpins the European Unionôs ambition to further boost penetration of 

renewables in power.  

For energy efficiency, a target of at least 32.5% energy efficiency to be achieved collectively by 

the EU in 2030 was agreed in the new Energy Efficiency Directive. The Directive also includes 

an annual energy savings obligation of 0.8% of final energy consumption to be achieved in 2021-

2030
63

, which will trigger private investments in end-use sectors, especially in buildings, and also 

in the industry and transport sectors. Other important changes were made to strengthen the rules 

for metering and billing of thermal energy - especially in multi-apartment buildings with 

collective heating systems. The revised and improved Energy Performance in Buildings Directive 

(EPBD) includes measures to strengthen the energy performance of new buildings, to accelerate 

the rate of building renovation towards greater energy efficiency so as to tap into the huge 

potential for efficiency gains in the building sector. It also encourages the use of information and 

communication technology (ICT) and smart technologies to ensure buildings operate efficiently 

and supports the roll-out of the infrastructure for e-mobility. The Governance Regulation also 

includes a definition of "energy efficiency first" principle which should now apply across the five 
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dimensions of the Energy Union. This gives recognition to the importance of energy efficiency as 

a solution in energy planning, policy and investment decisions. 

Regarding security of supply, the Commission proposed the Electricity Risk Preparedness 

Regulation
64

. This addressed the existing shortcomings in the area such as different, often not 

transparent national rules and procedures and lack of cross-border co-operation. The proposed 

Risk Preparedness Regulation provided rules on (1) how to assess risks, (2) what a risk 

preparedness plan should look like, (3) how to deal with crisis situation and (4) how to monitor 

security of supply.  

Regarding the internal market, further (to the existing acquis) regulatory improvements were 

proposed to the electricity sector to ensure that Europe has the right market design in place to 

undertake the multiple tasks ahead (notably integration of high amounts of variable renewables in 

power). The vision behind these proposals is that connecting national markets though appropriate 

infrastructure and common crossðborder trading rules significantly reduces the costs of the 

energy transition for consumers and enhances security of supply; connected markets require 

greater coordination and coherence is needed if national markets are to be integrated. If views 

and requirements for electricity trading, generation adequacy and security of supply converge, 

markets can function more efficiently and treat market participants more fairly. Such coherence 

and coordination is also needed to facilitate decarbonisation and energy efficiency objectives. 

The Clean Energy package has a very strong consumer focus that is also a leitmotiv of the 2050 

decarbonisation strategy. It thus promotes consumers as active and central players in the energy 

markets of the future. It is designed to facilitate all consumers across the EU having a better 

choice of supply, access to reliable energy price comparison tools and the possibility to produce 

and sell their own electricity. The package also proposes further transparency rules and EU-wide 

regulation principles to facilitate opportunities for citizens to become more involved in the 

energy system and respond to price signals. Last, but not least, the package also contains a 

number of measures aimed at protecting the most vulnerable consumers. 

2.2.4 Industrial policy strategy and strategic value chains 

In September 2017, the Commission adopted the Communication "Investing in a smart, 

innovative and sustainable Industry ï An Industrial Strategy for Europe". This outlined the main 

priorities and key actions for strengthening Europe's industrial base, including: a deeper and 

fairer Single Market, upgrading industry for the digital age, building on Europe's leadership in a 

low-carbon and circular economy, investing in infrastructure and new technologies to drive 

industrial transformation, supporting industrial innovation on the ground, promoting open and 

rules-based trade and empowering regions and cities to address challenges. Implementation of the 

strategy will require a joint commitment from industry as well as all relevant European, national 

and regional stakeholders.  

As follow-up to the Renewed EU Industrial Policy Strategy, the Commission has also established 

a Strategic Forum on Important Projects of Common European Interest (IPCEI). This expert 

group will identify by summer 2019 a number of key value chains for Europe, which require 

well-coordinated action between public authorities and key stakeholders from several Member 

States, recommend value-chain specific actions and facilitate agreements to take forward new 

joint investments in those key value chains, including possible new IPCEIs.  
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Raw materials have been an important part of the EUôs industrial policy since the launch of the 

Raw Materials Initiative in 2008. In September 2017, the Commission presented its latest 

assessment of those raw materials that are important or even critical for EU value chains, based 

on economic importance and supply risk
65

. several technologies that are important for energy 

system decarbonisation are part of this assessment (e.g. electro-mobility, storage). 

2.2.5 EU Mobility strategy and mobility packages 

A further major and large sector, critical for energy consumption, emissions and indeed for the 

functioning of the whole economy, is the transport sector. Here too, the EU has been preparing 

major advances to improve the functioning of the transport sector and to instil it centrally in 

Europeôs decarbonisation and energy sector strategies. The European Strategy for Low-

Emission Mobility
66

 was adopted in July 2016. It aims at ensuring that Europe stays competitive 

and is able to respond to the increasing mobility needs of people and goods, while meeting the 

challenge of shifting towards low-emission mobility. The Strategy confirms the 2011 White 

Paper
67

 goals: ñby mid-century, greenhouse gas emissions from transport need to be at least 60% 

lower than in 1990 and be firmly on the path towards zero. Emissions of air pollutants from 

transport that harm our health need to be drastically reduced without delayò. 

To this end, the Strategy for Low-Emission Mobility proposed a comprehensive Action Plan 

building on three pillars: (1) higher efficiency of the transport system, (2) low-emission 

alternative energy for transport, and (3) low- and zero emission vehicles, including both 

legislative and non-legislative action.  

The Commission has acted swiftly by adopting proposals on most of the actions listed in the 

Action Plan of the Strategy, notably through the adoption of the Clean Energy for All Europeans 

package in November 2016 (which included the European strategy on Cooperative Intelligent 

Transport Systems), the first Mobility Package in May 2017, the second Mobility Package in 

November 2017 and the third Mobility package in May 2018. 

The fir st Mobility Package put forward a first set of eight legislative initiatives with a special 

focus on road transport
68

. These proposals aimed notably at improving the functioning of the road 

haulage market, enhancing the employment and social conditions of workers, and promoting 

smart road-charging in Europe. The Commission also made a proposal, by now adopted, for a 

monitoring and reporting system of CO2 emissions and fuel consumption for HDV (lorries and 

buses) to promote the uptake of the most fuel-efficient vehicles
69

. In addition, a number of non-

legislative accompanying documents, presented a wide range of EU policy support measures 

designed to accelerate the shift to a sustainable, digital and integrated mobility system 

(investment financing for infrastructure, research and innovation, collaborative platforms, etc.).  

The second Mobility Package
70

 included legislative initiatives on road transport vehicles, 

infrastructure and combined transport of goods. The initiatives, including on CO2 standards for 

cars and vans, public procurement and alternative fuels infrastructure, focus on the reduction of 

greenhouse gas emissions and air pollutant emissions and aim for a broad take up of low-

emission alternative fuels and low-emission vehicles on the market. 
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With the third Mobility Package
71

, the Commission aimed to ensure a smooth transition towards 

a mobility system which is safe, clean and connected & automated. The package includes 

legislative initiatives on trucks, a communication on connected and automated mobility
72

, and an 

initiative on battery development. Through these measures, the Commission is also shaping an 

environment allowing EU companies to manufacture the best, cleanest and most competitive 

transport-related products. 

2.2.6 Circular Economy Policy 

In December 2015, the European Commission published its EU Action Plan for the Circular 

Economy
73

, which aims to stimulate Europe's transition towards a circular economy, boost global 

competitiveness, foster sustainable economic growth and generate new jobs. The measures 

foreseen cover the whole cycle: from production and consumption to waste management and the 

market for secondary raw materials and a revised legislative proposal on waste. 

The role of the circular economy to ensure the transition towards a low-carbon economy is 

already recognised by stakeholders and literature
74

. 

As part of the measures announced in the Circular Economy Action Plan, the Commission has 

launched in 2018 the EU Strategy for Plastics in a Circular Economy
75

, which targets plastics 

production and incineration of plastics (that produces every year 400 million of tonnes of CO2). 

2.2.7 Common Agriculture Policy 

The current Common Agricultural Policy (CAP) provides support to climate mitigation and 

adaptation, and ensures sustainable management of natural resources and climate action through 

the following instruments: i) cross-compliance mechanism, representing the compulsory basic 

layer of environmental requirements and obligations to be met in order to receive full direct 

payments under the first Pillar ii) ñgreening" covering a wide geographical range of agricultural 

area across the EU is expected to improve the overall environmental performance of agricultural 

production and iii) rural development under the second Pillar which plays an important role in 

achieving the environmental objectives of the CAP and combating climate change. 

2.2.8 Cohesion Policy 

Cohesion policy has traditionally been one of the key EU policies for supporting Member States, 

regions and cities in their development and transition. Over the years, it has, for instance, 
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invested in environmental infrastructure, especially in the less developed regions of Europe. For 

the 2014-2020 period it has been aligned to the smart, sustainable, and inclusive growth priorities 

of the Europe 2020 Strategy and a number of legal requirements to mainstream climate and 

sustainable development were introduced (such as earmarking of funds, funding pre-conditions, 

partnership principle). All this led to considerable re-focusing of the funding and non-funding 

support (e.g. technical assistance, cooperation, capacity building) available. For example, 

Cohesion policy will provide EUR 69 billion over 2014-2020 for investments related to all five 

dimensions of the Energy Union. Close to 50% of these allocations ï or about EUR 32 billion ï 

had already been committed to real projects on the ground by the end of 2017. Cohesion policy 

also supports research and innovation in those areas where regions have competitive advantages, 

based on a bottom-up identification by industry, researchers and civil society of smart 

specialisation priorities. For the post-2020 period the support for energy, climate and innovation 

is proposed to continue with even more focus on cross-sectoral solutions and on innovation to 

support the transition of all EU regions. 

2.2.9 Waste policy, F-gas regulations.  

EU waste policy
76

 limits landfills while promoting recovery of landfill gas as well as recycling. 

By 2020 most EU Member States are foreseen to reduce landfilling of biodegradable waste by 

65%. An improved waste management following the waste hierarchy is expected to have a 

significant mitigation potential considering biodegradable and non-biodegradable waste. The 

revised waste legislation adopted in June 2018 reduces landfilling of municipal waste to 10% of 

the total amount of this waste category in 2035
77

. This deadline may be postponed by up to 5 

years
78

.  

In 2014, a new F-gas Regulation
79

 was adopted to phase-down the total amount of HFCs that can 

be sold in the EU from 2015 to one fifth of today's sales by 2030. The regulation is expected to 

result in the reduction of the EU's total F-gas emissions by two thirds compared to today's levels. 

The Kigali Amendment, entering into force on 1 January 2019, requires further step down from 

the EUôs 21% (of the baseline) in 2030 to 15% in 2036. 

2.2.10 MFF and climate mainstreaming in financing 

The European policy making over a decade has been focused on sustainability and climate 

change. As the emphasis on decarbonisation increased, more sophisticated measures have been 

put in place to design and achieve targets. Giving clear policy signals, these targets and policy 

measures have been crucial to guide investors, allowing world clean energy investments to 

increase over time (globally USD 360.3 billion in 2015
80

), new technologies to emerge and 

technology costs to start decreasing in the energy sector. Although the bulk of the necessary 

capital will have to be mobilised by the private sector, the remaining market failures and barriers 

provide the rationale for public intervention at a European level and call for European public 

finance. 
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The European Fund for Strategic Investments (EFSI) is an example of such interventions. 

Launched in 2015 in response to the economic downturn, EFSI aimed to unlock additional 

investment of at least EUR 315 billion over 3 years providing a total guarantee of EUR 16 billion 

combined with EUR 5 billion contribution from the EIB for business and infrastructure projects. 

Given its success, EFSI was extended and now aims to mobilise EUR 500 billion of investment 

in strategic infrastructure and companies, helping to address key market gaps and structural 

weaknesses to build a more competitive, sustainable and prosperous EU economy. EFSI makes a 

strong contribution to investments related to the Energy Union. Regular monitoring data indicates 

that the energy is one of the largest policy area of operations financed under the EFSI, 

representing 20% of total EFSI support. 

The InvestEU Programme is the Union's new investment instrument proposed for the next 

programming period, built on the success of and lessons learnt from EFSI. The size of the 

proposed InvestEU guarantee is EUR 38 billion which is expected to mobilise EUR 650 billion 

investments. It is proposed that 30% of this overall budget will contribute to climate objectives. 

In particular, 50% of the investments under the ñSustainable Infrastructureò window should 

contribute to climate and environment objectives. 

The long-term budget of the European Union has an important role to play for decarbonisation by 

supporting investments in and mobilising capital towards climate mitigation and adaptation ï 

including for research and innovation, energy efficiency, renewable energy and network 

infrastructure. In its 2014-2020 multiannual financial framework (MFF), the EU decided to 

commit 20% (over EUR 206 billion) of the overall budget to climate change. This climate 

mainstreaming target has been a useful in integrating climate considerations across the main EU 

spending programmes. Along with other EU policies, it has supported an increase in average 

annual investment in the EU energy sector. Concerning the transport sector, the EU research 

programme Horizon 2020
81

 will deploy over EUR 2 billion in the period 2018-2020, focussing on 

four key energy and climate priorities, including (urban) e-mobility
82

.  

Reflecting the importance of tackling climate change in line with the Union's commitments to 

implement the Paris Agreement and the United Nations Sustainable Development Goals (SDG), 

the Commission has proposed to set a more ambitious goal for climate mainstreaming across all 

EU programmes, with a target of 25% of EU expenditure, or EUR 320 billion, contributing to 

climate objectives in the next MFF (2021-2027). The Commission has proposed specific 

expected contribution for all relevant programmes, including in research, cohesion (see section 

2.2.8), common agricultural policy, strategic infrastructure and external action. This commitment 

reflects our ambition to make the EU a global leader in low carbon technology and to ensure that 

we achieve our climate and energy targets. Supporting partner countries in achieving the global 

climate targets represents the external projection of this ambitious internal goal. Catalysing 

strategic investments, such as those in the energy and mobility sectors is targeted through specific 

actions, and also identified as a policy goal in horizontal programmes (e.g. Horizon Europe
83

, 

Cohesion Policy, the InvestEU Programme). Budgetary support and technical assistance to areas 

where large investment gaps exist (energy efficiency in buildings), which are niche areas (cross-

border renewable projects), or where the rapid technological and market development has not yet 

been picked up (capacity building, policy implementation) will provide additional financial 
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impetus to decarbonised investments, complementing the programs that have been and will be 

crucial for constructing a secure, clean and integrated European energy system. Looking beyond 

its borders, the EU External Investment Plan will aim to leverage private investment to scale up 

climate finance and closing current finance needs gaps in sectors that are essential for partner 

countriesô transition to low-carbon development paths. 

2.2.11 Aviation and Maritime sectors 

2.2.11.1 International Aviation 

To achieve the temperature goals of the Paris Agreement, all sectors of the economy should 

contribute to achieving the necessary emission reductions, including international aviation.  

In the EU several measures have been taken to address aviation emissions. Air traffic 

management (ATM), research, development and innovation and sustainable alternative fuels, 

have the potential to contribute to reducing aviation emissions
84
. The European Unionôs Single 

European Sky (SES) policy aims to transform ATM in Europe, tripling capacity, halving ATM 

costs with 10% less environmental impact. The Clean Sky EU Joint Technology Initiative (JTI) 

aims to develop and mature breakthrough ñclean technologiesò.  

Aviation has been included in the EU ETS since 2012, and has so far contributed to reducing an 

estimated 100 million tonnes of CO2 emissions between 2012 and 2018 under the EU ETS cap. 

At its inception in 2012, the inclusion of aviation in the EU ETS also included flights to and from 

Europe. Presently the EU has limited the scope of the EU ETS to flights within the EEA
85

 to 

support the development of a global measure, the Carbon Offsetting and Reduction Scheme for 

International Aviation (CORSIA)
86

, under development in International Civil Aviation 

Organization (ICAO). CORSIA aims to stabilise CO2 emissions at 2020 levels by requiring 

airlines to offset the growth of their emissions after 2020, by purchasing international credits for 

emissions reduction made elsewhere or by taking actions themselves to limit emissions. Its 

rulebook for offsetting is still under development.  

The next review regarding aviation in the EU ETS has to consider how to amend the EU ETS 

legislation to take into account the development of CORSIA. In the absence of a new 

amendment, the EU ETS derogations will end from 2024. 

Internationally, the International Civil Aviation Organisation (ICAO) has initiated work for the 

mitigation of CO2 emissions associated with aviation activities, notably with the two goals: 2% 

annual fuel efficiency improvement through to 2050; and the stabilisation of CO2 emissions at 

2020 levels through a market-based offsetting mechanism. To attain these goals, a basket of 

measures was agreed in ICAO. Next to CORSIA these comprise aircraft-related technology and 

standards; improved operations and ATM; development and deployment of sustainable aviation 

fuels
87

 
88

. The CO2 standards for new aircraft adopted by ICAO in 2017 will  be implemented in 

EU law in early 2019. 
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In addition, it should be pointed out that the international aviation industry, which had originally 

proposed the "2020 carbon neutral growth" objective, also agreed on an aspirational goal to 

reduce net emissions from aviation by 50% by 2050 compared to 2005 levels
89

.  

2.2.11.2 International Maritime Shipping 

Following up on the 2011 EU White paper on transport, the Commission adopted in 2013 a 

strategy on the decarbonisation of shipping, calling for a gradual approach in the EU, starting 

with an EU monitoring, reporting and verification (MRV) scheme. As a result, the European 

Parliament and the Council adopted in April 2015 the Regulation (EU) 2015/757 on the 

monitoring, reporting and verification of carbon dioxide emissions from maritime transport. This 

EU MRV scheme will start providing information on ships' efficiency to relevant markets as from 

June 2019.  

Meanwhile, the International Maritime Organization (IMO) started working on the reduction of 

GHG emissions in 1997, but the first measure was only adopted in 2011 with agreement on a 

mandatory minimum efficiency standard for new ships (Energy Efficiency Design Index, EEDI) 

and the obligation for ships to carry energy efficiency management plans on board. In 2016, 

following the entry into force of the Paris Agreement and the adoption of an EU Monitoring, 

Reporting and Verification Regulation, it adopted an amendment to the MARPOL Convention
90

 

and specific guidelines for a Data Collection System (IMO DCS) to report fuel consumption of 

ships to flag States as from 2019. Finally, after two years of negotiation, IMO adopted in April 

2018, an initial strategy on the reduction of GHG emissions from ships with the objective to 

reduce emissions by 50% by 2050 compared to 2008 while pursuing efforts to achieve full 

decarbonisation as soon as possible in this century.  

2.2.12 The need for new vision 

Drawing all of the different policy threads together through the Energy Union, the Paris 

Agreement as well as the economic technological, societal changes and advances that have 

occurred over the last decade require an updated analysis to elaborate a decarbonisation strategy 

fully integrated within the Commissionôs political priorities, notably: jobs and growth, further 

integration of the internal market, a fairer and more sustainable economy and making the EU a 

stronger global actor. The technological developments have been particularly prominent, 

reshaping energy supply as well as affecting consumer behaviour. The growing consumer 

awareness and resulting change in consumption patterns will influence how the markets will 

develop in the future taking also into account the growing role of consumers and new business 

models spurred through the digitalisation of the economy. The demand side sectors will be 

shaped by more optimal consumers' and businesses' choices leading to the smarter use of energy, 

sustained by widespread automation and digitalisation, accurate and useful consumer 

information, ambitious standards and targeted policies addressing the remaining market and 

regulatory barriers and behavioural biases.  

On the energy supply side, contrasted technological developments over the last decade, with, in 

particular, lower than expected costs for certain renewable energy sources on the one hand and 

higher than expected challenges for CCS on the other hand, have changed the perspective when 

looking at a future decarbonised energy system for the EU. In addition, rapid development of 
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technologies has made some actors willing to look at future alternative low-carbon energy 

carriers: hydrogen and e-fuels (synthetic fuels produced from decarbonised electricity).  

Energy storage emerges as a key enabling technology for addressing the flexibility requirements 

for integrating variable renewable electricity into the grid and for providing green electricity for 

electrified transport, industry and buildings sectors (and thus providing further rationale and 

helping the sectoral integration). Large amounts of variable RES can actually be stored in the 

form of hydrogen and e-fuels, capable of providing significant flexibility to the electricity system 

and decarbonising other sectors. The expectations of new technologies in delivering on the Paris 

Agreement goals is well illustrated by the fact that the Agreement itself was flanked by the 

launch of Mission Innovation
91

, complementing the Clean Energy Ministerial (CEM
92

) created 

during COP15 in Copenhagen (2009), two global inter-governmental initiatives aiming at 

accelerating clean energy innovation and making clean energy widely affordable. 

It has to be also noted that deployment of some technologies (e.g. for electric vehicles) raise 

some concerns in terms of future supply of raw materials. These issues make the implementation 

of circular economy approaches even more desired ï not only to reduce direct emissions
93

 but 

also to avoid possible future obstacles of this nature in the deployment of new technologies. 

Recent years have also seen significant changes on other fronts than energy technologies that also 

have or will have impacts on decarbonisation pathways. Notably in the field of mobility 

connected and automated driving is shifting the paradigm towards 'mobility as a service', 

'accessibility' and 'connectivity', which will have potentially big impacts on safety, efficiency and 

emissions. Considering behavioural change is now possible either, partly because technology 

progress made certain solutions easily available to consumers (e.g. own energy production from 

renewables, better control of indoor temperature or more effective travel planning mindful of the 

carbon footprint). Consumer awareness has also grown that certain choices can lessen the carbon 

footprint and yield side-benefits, notably on health improvement. Limiting food waste, engaging 

on active mobility or healthier diets are now mainstream consumer considerations in Europe and 

other options could follow this suit, including limiting fast growth in long distance travel and 

shifting to more sustainable transport modes like rail, or limiting the purchase of new consumer 

goods. These aspects are discussed more in detail in section 5.5. Importantly, the growing 

consumer awareness and role of consumer choice will have impact on the delivery of the new 

vision - with increased role of the citizens, organised civil society, local and regional authorities 

in the governance. 

2.3 Policy initiatives at national level  

2.3.1 The implementation of the EU acquis 

The swift and complete national transposition and implementation of the EU acquis by the 

Member States, complemented with appropriate national actions, is a primary precondition for 

the delivery of the decarbonised, more competitive and dynamic economy that Europeans seek. 

The following illustrates the different areas of the EU acquis in the areas of climate and energy, 

and complements this with examples of national measures. 

Security of energy supply also has a significant EU acquis that builds on national measures in the 

electricity, oil, gas and transport sectors. This includes the oil stocks directive, infrastructure 
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planning or generation adequacy coordination, all areas where regional cooperation and trust 

would strengthen the situation of the EU and its members. This is currently being fostered 

through so-called ñpreventive action plansò and ñemergency plansò that are to be notified to the 

Commission by 1 March 2019 and updated regularly, the conclusion of ñsolidarity arrangementsò 

containing technical, legal and economic details and the preparation of national risk preparedness 

plans.  

In the area of energy production and transmission infrastructure, Member States formulate and 

coordinate among each other national infrastructure development plans to manage the adequacy 

of their energy production, including their maintenance and extensions. Such plans are developed 

and implemented in conjunction with TEN-E policy, including the identification and co-financing 

of projects of common interest (PCI). Some 77 PCIs will have been finalised by 2020 and 

received EUR 2 billion from the EU. The EU has also developed the most advanced legal 

framework for nuclear energy, ensuring that those Member States who chose nuclear are 

complying with the highest safety and security standards. 

Regarding energy efficiency, the Energy Efficiency Directive (EED) requires that energy 

efficiency policy measures are taken at national level and reported in the National Energy 

Efficiency Action Plans (NEEAPs). These should target each sector of the economy (residential, 

services, industry, transport and energy supply). The types of measures include regulations, 

standards, funds, financial & fiscal measures (including taxation and incentives and other market-

based instruments) and awareness raising, knowledge & advice as well as education, qualification 

and training. 

The residential and service sectors benefit from a wide range of national policy measures to 

support energy efficiency improvements. In addition to the regulatory measures directly in 

relation to the Energy Performance of Buildings Directive and specific Eco-design Regulations, 

measures have been enacted to address split incentives or strengthening energy efficiency 

requirements for buildings. Typical instruments used for this include grants, low-interest loans 

and fiscal incentives or more innovative programmes such as energy performance contracts, 

guarantee facilities, possibly combined with grants and technical assistance, on-bill recovery, 

Property Assessed Clean Energy (PACE) type financing (proposing low-cost, long-term funding 

to be repaid as an additional payment on a propertyôs regular local property tax). Information and 

awareness-raising measures have also been implemented with the focus on residential and service 

sectors. In addition, various Member States have mentioned in their NEEAP on-going or planned 

efforts related to alleviation of energy poverty. 

National measures to achieve the energy savings obligation of 1.5% each year by 2020 (from 

annual energy sales to customers) will be key for the 2020 energy efficiency target. Energy 

efficiency obligation schemes (putting an obligation on energy distribution operators or energy 

retail companies) are a key instrument since they trigger private investments in residential or 

services sectors through for example installation of more efficient heating or cooling systems and 

insulation of walls or roofs. The obligation schemes will remain an important market based 

policy instrument in view of achieving the new savings obligation for the period 2021- 2030
94

. 

Regarding decarbonisation, the EU Emissions Trading System (EU ETS) and the EU Effort 

Sharing Regulation (EU ESR) covering non ETS sectors form the core regulatory framework set 

in place to reach the consecutive emissions reduction targets. This is complemented with 

legislation ensuring that emissions and removals from Land Use, Land Use Change and Forestry 

(LULUCF) are at least neutral and sectoral regulations that set CO2 emission standards for 
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passenger cars and vans, regulate emissions of F-gases, and increase the deployment of 

renewable energy.  

Regarding renewables in particular, Member States are implementing their national renewable 

energy action plans (NREAP) and are nearly all on track to deliver their 2020 national binding 

targets. By implementing these renewable energy plans Member States reduce emissions, 

increase the indigenous energy supply, create new jobs, and drive innovation and technological 

and industrial development. At the same time, renewable energy requires that more óintelligentô 

transition infrastructure is put in place and that energy systems are integrated on a larger scale 

throughout Europe, which in turn requires more coordination and synchronisation across Member 

States to ensure the internal market functions properly and energy resources flow efficiently 

between Member States. High shares of renewables requires additional actions in terms of 

sectoral integration of energy supply and demand, with contributions from the transport sector, 

heating and cooling or industrial processes. Such integration will take place through the 

development of decarbonised energy vectors, including electricity but also newer vectors like for 

instance hydrogen. A strong reflection of the interest of the Member States in this area is the 

Hydrogen Initiative launched by the Austrian presidency and signed in Linz in September 2018
95

. 

Regarding research & innovation, whilst in the EU private investments constitute around 80% of 

R&I spending, national and EU R&I programmes complement and add steer, also fostering 

efficiency and cooperation among stakeholders when embarking on the large projects for the 

development and demonstration of new technologies, materials and processes needed for the 

energy transition.  

Better governance and policy planning: Integrated National Energy and Climate Plans will 

streamline many of the previously existing planning, reporting and monitoring requirements will 

promote coherent progress towards EU-level targets and policies. The National Plans will 

address, in a transparent manner, national targets, objectives and contributions across all five 

Energy Union dimensions from 2020 onwards. National Energy and Climate Plans will also 

include policies and measures underpinning the delivery of those targets, thereby allowing for a 

close political monitoring of progress towards targets and of interactions between different 

policies. A solid analytical framework should explore and illustrate the impacts of proposed 

targets policies and measures. The Plans will also promote a broader engagement of EU general 

public and stakeholders on Member States long term energy and climate priorities and enhance 

coordination between Member States in their policy planning efforts. 

2.3.2 Additional national policies  

Some policies are not explicitly required under the EU acquis and while well aligned with the EU 

climate and energy policies, they are largely dependent on national considerations. The most 

notable examples are the coal phase-out, nuclear power deployment/phase-out and carbon tax as 

well as urban planning. In the transport sector, a wealth of measures has been adopted at national 

level to incentivise modal shift and the uptake of alternative fuels, including electro-mobility: 

purchase subsidies, registration tax benefits, ownership tax benefits, company tax benefits, VAT 

benefits, local incentives and infrastructure incentives. Also forest and land policies which are 

important components of decarbonisation strategies are mostly in Member State competences. 

Coal phase-out 
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Ten EU Member States have announced coal phase-out and European utilities represented in 

EURELECTRIC have recently announced their intention not to invest in new coal plants after 

2020
96

. While decarbonisation is a very important consideration for them, there are also other 

drivers. In the EU, coal consumption has fallen by 34% since 1995 and production by 53%. Thus 

the EU coal import dependency has increased (to 40%) even though its share in total EU energy 

mix has decreased to 15%. Russia still provides 30% of EU hard coal imports, including 100% of 

imports by Estonia and Lithuania, 97% by Greece, 94% by Latvia, and smaller share for Poland. 

Thus there are not only climate reasons but also security of supply reasons to reduce EU coal 

consumption. The recent national announcements of coal power plants phase-out is expected to 

lead to further reduction of coal demand, with repercussions for gas, renewables and nuclear, and 

to contribute to the reduction of overcapacity in the power generation system. Mitigating social 

repercussions, especially when related to national coal-mining activities, will be facilitated by the 

"Coal Regions in Transition" platform
97

, a policy instrument that will support development of the 

accompanying strategies required for the transition. 

Nuclear power 

The EU Treaty allows each Member State to decide on its energy mix
98

, including on the role of 

nuclear which represented 26% of EU power production in 2016
99

. The countries which plan to 

keep or develop nuclear energy as one of their energy sources share the view that it can 

contribute to energy security, competitiveness and cleaner electricity. Both the Energy Union 

Strategy
100

 and the European Energy Security Strategy
101

 stressed that Member States that decide 

to use nuclear energy need to apply the highest standards of safety, security, waste management 

and non-proliferation as well as diversify nuclear fuel supplies. 

At the end of 2017, 126 nuclear power reactors were in operation in fourteen Member States
102

 
103

. New build projects are envisaged in ten Member States, with four reactors already under 

construction in Finland, France and Slovakia. Other projects in Finland, Hungary and the United 

Kingdom, are under licensing process, while projects in other Member States (Bulgaria, the 

Czech Republic, Lithuania, Poland and Romania) are at different stages of preparation. The 

United Kingdom has announced its intention to close all coal-fired power plants by 2025 and to 

fill the capacity gap mainly with new gas, biomass and nuclear power plants. On the other hand, 

some national energy policies have fixed a ceiling for the share of nuclear in their respective 

range of energy generation sources (e.g. France), others (e.g. Germany and Belgium) have 

decided to gradually phase-out from nuclear while other Member States have never used nuclear 

energy. 
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The importance of long-term operations is expected to increase in the coming years, and by 2030 

the majority of the fleet would be operating beyond its original design life. Long-term operations 

are expected to represent the majority of nuclear investments in the short to medium term. 

Regulatory approval has been already granted for operational lifetime extension of certain 

nuclear power reactors in some Member States (e.g. Hungary and the Czech Republic). Decisions 

on operating lifetimes depend on current and forecast electricity market conditions and 

sometimes also on social and political factors. Such decisions are subject to a strict and 

comprehensive safety review by the competent independent national regulator, and as a basic 

requirement the highest safety standards have to be implemented
104

. 

Carbon taxation 

Some Member States have adopted systems that levy taxes related to CO2 emissions. There is lot 

of heterogeneity in term of scope and implementation of these policies across the Member States. 

Most commonly, these taxes target the transport sector either by applying registration or 

circulation taxes based on vehicle emissions or transport fuel taxes based on the carbon content 

or the efficiency of the fuel. Several Member States have broadened the scope of fuel carbon 

taxes to other sectors than transport.  

2.4 Regional cooperation 

In many policy fields, regional cooperation fosters synergies and complementarities across 

Member States as well as with neighbouring countries. It is very important in the context of 

energy and climate policies, considering, for example, the need to pull common resources for 

financing research and innovation, building infrastructure, development of large projects such as 

renewable energy in the North or Baltic Sea or facilitating the access to financing for capital-

intensive projects. It is thus highly relevant for the Energy Union, and will certainly help the 

clean energy transition in the medium and long term. Whether the EU applies a single European 

scheme (e.g. the EU ETS), adopts legislation or fosters and coordinates cooperation amongst 

energy regulators, including for instance on agreeing on the necessary rules for electricity trading 

and grid operation in the respective regional groups defined under the EU Network Codes and 

Guidelines, the lesson is that coordination, cooperation and integration brings clear mutual 

benefits in this policy field.  

Against this background, the Governance of the Energy Union Regulation requires Member 

States to engage in regional coordination both in the preparation and the implementation of their 

National Energy and Climate Plans. Regional coordination also required in the context of 

infrastructure planning and the joint development of projects of common interest.  

A number of regional cooperation fora dedicated to energy issues are already set-up and will 

undoubtedly play a role in the clean energy transition process. Such fora include the Baltic 

Energy Market Interconnection Plan (BEMIP), the Central and South-Eastern Europe 

Connectivity (CESEC), the Central-West Regional Energy Market (CWREM), the North Seas 

Countriesô Offshore Grid Initiative (NSCOGI), the Pentalateral Energy Forum, Interconnections 

for South-West Europe and the Euro-Mediterranean Partnership.  

Further, the contribution of transnational initiatives like Macro Regional Strategies should be 

fully exploited notably to build the political momentum necessary for scaling-up. There are 

currently four EU Macro-Regional Strategies concerning 19 EU Member States and 8 non EU 

countries which cover the following macro-regions: the Baltic Sea Region, the Danube Region, 
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the Adriatic and Ionian Region, and the Alpine Region. They have shown the importance of 

strengthening cooperating among Member States for maximising synergies by acting at 

transnational level, pooling resources together and should lead to efficiency gains. 

Cooperation with non-EU partners is also taking place, including with the Energy Community 

contracting parties
105

, members of the European Free Trade Association
106

 and, when appropriate, 

with other third countries.  

2.5 Action agenda by regions, industry and civil society  

One of the key achievements of the 23
rd
 Conference of Parties presided by Fiji Islands was the 

concept of "Grand Coalition of all Stakeholders" that goes beyond the COP 20 Paris-Lima Call 

for global climate action stakeholders to record their voluntary action
107

. The Grand Coalition 

includes states, local governments, business, faith-based organisations and citizens to join forces 

in fighting climate change. A pre-released chapter of the UNEP Emissions Gap report 2018
108

 

shows that additional emissions reduction made so far by non-state actors are still quite limited: 

in the order of 0.2-0.7 GtCO2 per year by 2030 compared to full NDC implementation. The low 

level of available data and lack of consistent reporting limit a more comprehensive overview. 

However, global climate action, if realised to its full potential, could deliver additional emissions 

reduction to current policies in the range of 15-20 GtCO2 annually in 2030, which is a 

considerable contribution to closing the gap. EU stakeholders have been at the forefront of these 

developments
109

. 

2.5.1 Regional actors 

Regional governments and cities, with their impact on economic, spatial, environmental planning 

and energy provision challenges, are increasingly drivers of the energy transition and becoming 

resilient. The Covenant of Mayors for Climate and Energy initiative
110

, where local governments 

voluntarily commit to implementing climate and energy objectives, has already 7,383 EU 

signatories (as of 1 October 2018), representing in total 198 million citizens of the EU. A recent 

analysis of the local climate plans of 885 representative EU cities concluded that close to 66% of 

them have a climate mitigation plan and 26% have adopted adaptation plans
111

. The EU initiative 

is mirrored on the global level by the Global Covenant of Mayors for Climate and Energy
112

. 

Furthermore, the Urban Agenda for the EU
113

, where cities, Member States, the Commission as 

well as other EU institutions and actors collaborate within the intergovernmental framework, 
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reinforces the urban dimension of relevant EU policies. The Agenda is being implemented 

through Partnerships aimed at achieving better regulation, better funding and better knowledge 

for cities in Europe. Through the agreed joint actions, the Partnership on Climate Adaptation 

aims to enhance the capacities of European cities in addressing and adapting to the impacts of 

climate change, and the Partnership on Energy Transition will contribute to the development of 

smarter and more integrated energy systems in European cities that are secure, resilient, 

affordable, clean and sustainable. Several other Partnerships, such as Urban Mobility and Air 

Quality, contribute to tackling the climate and energy challenge as well. 

For regional governments, initiatives such as the Under 2 Coalition
114

 are important as they 

actively reach out to their global members to draft 2050 pathways to set a dedicated goal of 

reaching less than 2 tCO2eq/capita by 2050, equivalent to 80% below 1990 levels. 

200 jurisdictions globally have already committed to this long-term goal. Against this 

background, the EU Governance Regulation facilitates the involvement of regional and local 

actors in the definition of national energy and climate priorities. 

2.5.2 Sectoral actors 

Industries in Europe and their sectoral representatives have recognised the necessity of becoming 

more sustainable and substantially reducing GHG emissions by 2050. Private actors, large 

companies and sector associations are increasingly reporting on how to significantly reduce EU 

greenhouse gas emissions in the coming decades (see section 6.3). A record of just over US$74 

billion of Green Bonds were issued in the first half of 2018.
115

 There are many existing case 

studies of companies voluntarily implementing emission-reduction measures: for instance in 

order to achieve Heineken's sustainability target along its supply chain, Austrian brewery Göss 

has shifted entirely to using renewable and reusable energy sources, getting rid of its CO2 

emissions 
116

. Eni has created the world's first green refinery,
117

 in 2013 DHL came forward with 

Street Scooter, its own electric delivery van
118

, and Siemens aims to achieve a worldwide net-

zero carbon footprint by 2030.
119

 Industry responses to the public consultation (see section 7.1) 

show a considerable evolution of their position in the last decade. For instance, 43% of private 

business supported achieving a balance between emissions in the EU by 2050 and 37% a 

reduction of 80-95%. Equally, there is a wealth of scenario studies done by different industry 

sectors on a variety of pathways. In contrast to the preparations for the roadmap in 2011, 

stakeholders tend to start from an 80% reduction target. More dominance is given to solutions 

involving electrification, hydrogen, but also circular economy and lifestyle changes. 

2.5.3 Citizens and civil society 

Citizens have started to act both individually and collectively much more decisively on climate 

change which reflects the fact that climate change has become a concern for the overwhelming 
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majority of them ï see for example recent Eurobarometer results
120

. Fighting climate change as a 

part of safeguarding natural resources for future generations and as an essential element of their 

quality of life has for a long time been a concern for large part of European society. This has 

recently been magnified as awareness of scientific findings have grown and consumers have 

become more conscious about the carbon footprint of their actions. It is now clear that consumer 

choice can have an impact creating new markets as well as pressure on industry to adapt their 

offers allowing for more sustainable products coming to market. Already 1.5 million households 

in Germany produce their own energy for self-consumption through solar panels
121

. Consumer 

expectations
122

 and the prospect of a substantial market prompt companies from all sectors to 

introduce renewable energy guarantees, carbon offset programs or low carbon products (in terms 

of their production chain).  

Multiple examples can also be found in the field of urban mobility ï certainly also because in this 

case decarbonisation has very quickly visible co-benefits such as better air quality, less noise or 

in sum more "liveable" cities. This is why citizens take actions themselves and support initiatives 

at the local level. For instance, the city of Milan has adopted its Sustainable Urban Mobility Plan 

in April 2018 with measures such as traffic reduction and shared mobility as core elements. A 

new shared ñfree floatingò system, operated by cars, bikes and scooters, is fully integrated and 

supports both individual mobility and local public transport. As a consequence, the number of 

alternatives to private cars has risen: nearly 3,000 shared cars (27% fully electric) and more than 

600,000 subscribers, 4,650 bikes, 12,000 free-floating shared bikes and 100 fully electric shared 

scooters
123

. Measures such as reduced traffic operation in city centres or even overall traffic 

reduction, banning polluting vehicles from accessing the city centres, bike rental services 

together with development of secure biking paths and shared mobility/"mobility as a service" are 

now core elements of the strategy applied by many cities in Europe.  

It is clear that the clean energy transition and the achievement of net zero GHG emissions in the 

European economy can only happen with citizensô buy-in. Consumer choice will increasingly 

become complementary to technological change and often a pre-condition for technology change 

to happen. Further work will be necessary to increase the transparency about products and 

servicesô carbon footprint and thus capitalise on current consumer awareness. Organised civil 

society will play a key role in the further development of consumer awareness and providing the 

motivation for lifestyle change. 

  

                                                      
120

 2017 Eurobarometer survey, see https://ec.europa.eu/clima/citizens/support_en 
121

 Eurobserver (2018), Photovoltaic barometer 2018,  

https://www.eurobserv-er.org/pdf/photovoltaic-barometer-2018-en/  
122

 https://ec.europa.eu/clima/citizens/support_en  
123

 ELTIS (2018), Shared mobility enabling MaaS in Milanôs SUMP,  

http://www.eltis.org/discover/case-studies/shared-mobility-enabling-maas-milans-sump 

https://www.eurobserv-er.org/pdf/photovoltaic-barometer-2018-en/
https://ec.europa.eu/clima/citizens/support_en
http://www.eltis.org/discover/case-studies/shared-mobility-enabling-maas-milans-sump


46 

 

3 IMPACT OF CURRENT POL ICIES BEYOND 2030 

3.1 Policies and assumptions 

The EU and its Member States have put in place a set of policies that will already strongly impact 

the EU's transformation up to 2030 and will continue to do so afterwards with the ambitious 

energy and climate targets as recently agreed (see section 2.2). This section assesses what the 

impact of those policies will be up to and beyond 2030. 

For the purpose of this assessment, a baseline scenario (referred to below as ñthe Baselineò) was 

developed to reflect the current EU decarbonisation trajectory based largely on agreed EU 

policies, or policies that have been proposed by the Commission but are still under discussion in 

the European Parliament and Council.  

It largely builds on the Reference scenario 2016 (referred to below as ñREF2016ò)
124

 but also 

presents an update on a number of key elements detailed in Annex 7.2.2. The Baseline keeps the 

macro-economic projections, fossil fuels price developments and pre-2015 Member States 

policies as implemented in REF2016. On the other hand, it incorporates an update of technology 

assumptions as conducted under the ASSET project
125

 as well as several major recently agreed 

pieces of legislation as well as recent Commission proposals. A new element is also that the 

Baseline, includes projections all the way to 2070, as a way to start reflecting on potential 

pathways in the second half of the century. Most importantly, the Baseline also projects the 

achievement of energy and climate 2030 targets
126

 as agreed by June 2018 as well as a 

continuation of policies impacting non-CO2 emissions.  

 

The aim of the Baseline is to illustrate the impact that current climate and energy policies and 

goals would have on long-term energy and GHG evolution. It thereby offers a basis for 

comparing different long-term pathways consistent with targets limiting global warming to well 

below 2°C or 1.5°C. The Baseline has been specifically built for the purpose of the development 

of the long-term strategy. It does not reflect specific Member State policies adopted as of 2015, 

and it was not possible to consult with Member States to verify that current or updated policies as 

being developed under the national energy and climate plans are adequately represented. 
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3.2 Energy supply and demand 

3.2.1 Energy supply 

The EU energy supply projections evolve both in terms of its overall level and the energy mix. 

Comparing primary energy consumption (PEC) projections to its historical 2005 levels, the 

Baseline achieves 26% reduction in 2030 (reflecting achievement of 2030 target), 35% reduction 

in 2050 and there are no further reductions by 2070 as continuous effect of energy efficiency 

policies is counterbalanced by effects of economic growth on energy consumption.  

The first component of EU energy supply - energy production is projected to decrease by 28% in 

2050 (compared to 2005). The fossil fuels production falls by 88% and renewable energy 

production (chiefly from wind, solar, biomass and waste) more than doubles in the same time - 

driven by the 2030 renewable energy target and competitive renewable technologies costs. The 

nuclear energy production, although slightly decreasing, would still keep an above 10% share of 

the energy mix.  

The second component of the EU energy supply - net fuel imports will decrease by some 33%: 

from some 980 Mtoe in 2005 to 670 Mtoe in 2050-70. This decline in the Baseline happens 

chiefly because of reductions in fossil fuels and, to a smaller extent, and post 2030 only, 

renewable energy (biomass) imports. While energy efficiency measures mostly target natural gas 

consumption, it is the competitiveness of wind and solar technology that chiefly drives their 

higher penetration and thus reductions in the demand for biomass (including from imports). As a 

result, the EU's fossil fuel import dependency moderately decreases (from 52% in 2005 to 50% in 

2050). 

Figure 7: Primary energy production in the Baseline 

 
Source: Eurostat (2010, 2015), PRIMES. 

 

Looking already on the transformation sector, overall electricity generation is growing strongly 

throughout the projection period. Electrification of demand is led by electrification of heating and 

cooling (notably with heat pumps) and a continuous increase of IT, leisure and communication 

appliances in the residential and tertiary sectors. The transport sector is also projected to drive 

upwards demand in electricity with the further electrification of the rail and the gradual 

penetration of electric vehicles
127

. 
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The EU power generation mix changes considerably in favour of renewables with the increase in 

wind being the most spectacular. By 2050, 73% of the electricity is generated from renewable 

resources, while nuclear and natural gas maintain their role in the power generation mix. By 

contrast, electricity produced from oil and solids becomes marginal (see Figure 8). 

Figure 8: Gross electricity generation in the Baseline 

 

Source: Eurostat (2010, 2015), PRIMES. 

3.2.2 Energy demand 

The final energy consumption (FEC) in the Baseline decreases by 26% between 2005 and 2050 

due to moderation of final energy demand. This moderation of demand is most significant in the 

residential sector (38% reduction in 2050 compared to 2005). In industrial sector, 23% reduction 

in 2050 compared to 2005 is achieved but savings plateau post 2030. In transport, 24% reduction 

is achieved but, conversely to industry, there is an acceleration in savings post 2030. Finally, in 

tertiary sector (combining services and agriculture) the reduction in 2050 is the smallest (10%).   

The changes in energy mix, driven by less demand for fossil fuel contrasted with an increasing 

use of electricity (Figure 9) also help to reduce overall levels of demand. These trends reflect the 

significant role of energy efficiency with ambitious 2030 targets and the implementation of 

dedicated EU legislation, notably the energy Efficiency Directive (EED), the Energy 

Performance of Buildings Directive (EPBD), the Ecodesign and energy labelling legislation, CO2 

emissions standards for light duty vehicles and for heavy goods vehicles and other initiatives 

adopted recently that increase the efficiency of the transport system.  
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Figure 9: Final Energy demand by sector 

  

Note: ñTertiaryò includes the energy consumed in the agricultural sector. 

Source: Eurostat (2010, 2015), PRIMES. 

Figure 10: Final Energy demand by fuel/energy carrier 

  
Note: ñOtherò includes biomass and waste. 

Source: Eurostat (2010, 2015), PRIMES. 

3.3 CO2 emissions  

The CO2 emissions are projected to decrease steadily towards 2050, mainly supported by very 

substantial reduction in the power sector and more generally in sectors covered by the EU 

Emissions Trading System, for which the Baseline assumes a continuation of the reduction of the 

ETS cap with 2.2% per year, as implied by the current legislation. By 2050 the emissions reduce 

to just above 1600 MtCO2 (Figure 11), this is a 65% reduction compare to 1990 level. 

Overall, the main drivers for the decarbonisation are the increasing energy efficient in all sectors, 

in particular in industry, as well as the penetration of renewable energies. 

Notwithstanding the transport sector becoming the largest source of CO2 from 2020 onwards, 

fuel efficiency gains driven by standards and transport policies significantly reduce (by 38%) 

transport emissions between 2005 and 2050. 
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Figure 11: Carbon dioxide emissions by sector 

 

Note: ñTertiaryò includes the energy consumed in the agricultural sector. 

Source: PRIMES. 

3.4 Non-CO2 emissions 

Non-CO2 emissions are projected to reduce by 50% in 2050 compared to 1990. Since most of the 

legislation related to non-CO2 emissions targets the pre-2030 period, the level of emissions 

flattens after 2030 and even increase slightly beyond 2050 (Figure 12).  

Figure 12: Baseline projections of non-CO2 emissions by sector and by gas (MtCO2eq) 

 

Source: GAINS. 
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The reduction by 2050 will be the strongest for methane in absolute terms compared to 2005 (215 

MtCO2eq) and significant in percentage of 2005 levels (40%). F-gas emissions will reduce 

substantially until 2030 (50%) thanks to strict rules on Air Conditioning and refrigeration (Figure 

12).  

From a sectoral perspective, most sectors of the economy, with notable exception of agriculture, 

that are emitting non-CO2 gases today are expected to significantly reduce their emissions, 

especially by 2030. With demand for natural gas decreasing as well as coal mining activities 

reducing, energy related non-CO2 emissions continue to decrease.
128

 Full implementation of EU 

waste legislation would see emissions for waste continued to reduce. Similarly, F-gas emissions 

are declining mainly as result of the new F-gas regulation, even though it could be 

counterbalanced after 2030 by the further increase in cooling needs. In the agriculture sector 

emissions are projected to remain stable in the absence of further mitigation incentives or 

changes in amount and type of agriculture goods produced.  

3.5 Land use and forestry 

The land use and forestry sector keeps its role of net carbon sink in the Baseline (Figure 13). 

However, the sink is projected to decrease from about 300 MtCO2 in 2015 to 260 MtCO2 in 2050 

due to the ageing of the forest and an increasing mobilisation of forest biomass, mainly for 

material use (industrial roundwood, sawnwood, wood panels, paper, paperboard)
129

. 

Figure 13: Evolution of the emissions and removals from land use, land use change and 

forestry  
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 Going beyond this effect, specific emissions mitigation measures will also be needed to further reduce 

methane leakages in a decarbonised energy system. Indeed, due to the higher global warming potential 

of methane, as little as 3% leakage along the natural gas supply chain can cancel out the greenhouse gas 

emission benefits of natural gas vs. coal in power generation, see also IEA (2017), World Energy 

Outlook, https://www.iea.org/weo2017/ 
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 While it has not been investigated as a part of analytical work for this assessment, there is also a 

possibility that climate change impacts (droughts, forest fires) would have some impacts on viability of 

forests as carbon sinks. 
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Source: GLOBIOM & G4M. 

3.6 Total GHG emissions 

Excluding the LULUCF sinks, the total GHG emissions in 2030 for the Baseline scenario is 

estimated at -46% of 1990 level, reducing further by 62% in 2050. Including LULUCF sink
130

, 

net GHG emissions actually reduce by 48% by 2030 and by 64% by 2050 compared to 1990.  

Reaching the 2030 renewables and energy efficiency target, both ETS and non-ETS targets are 

overachieved in 2030 (respectively 49% and 36% GHG emissions compared to 2005, see Figure 

14). The over-achievement in the ETS by 2030 would result in increased surpluses of allowances. 

The Market Stability Reserve (MSR) has actually been designed to address such situations, 

absorbing such surpluses above a threshold (set in the legislation at 833 million allowances). 

Beyond 2030, scarcity will increase again due to the continued linear reduction factor. The 

evolution of the carbon price will depend on many variables, including expectations about future 

scarcity. In the Baseline, an ETS carbon price at EUR 28 per tonne of CO2 (in 2013 prices) in 

2030 contributes to the achievement of the Energy Efficiency and Renewable Energy targets.  

After 2030, the Baseline assumes that, in the non-ETS sectors, there are no further drivers beyond 

market forces (e.g. rising future fossil fuel prices, more competitive renewable sources) and the 

continued impact of currently adopted policies such as CO2 standards for vehicles or energy 

performance standards for products and appliances and for new buildings as of 2021 to further 

reduce energy and consequently emissions. Similarly a number of policies related to non-CO2 

emissions continue to impact on post 2030 emissions such as waste and F-gas legislation. 

Figure 14: Total GHG emissions and split ETS/non-ETS (MtCO2eq) 

 

Note: non-ETS emissions do not include LULUCF emissions. 

Source: PRIMES.  
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 Net GHG emissions add to the GHG emissions the so called unaccounted LULUCF sink, as reported in 

the EU's GHG inventory to the UNFCCC. 


































































































































































































































































































































































































































































































































































































































































































